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Review Paperm

Systematic Review of Home Telemonitoring for Chronic

Diseases: The Fvidence Base

Guy Pare, PuD, Mirou Jaana, PuD, Cravpe Sicorte, PuD

Abstract Objective: Home telemonitoring represents a patient management approach combining various
information technologies for monitoring patients at distance. This study presents a systematic review of the nature
and magnitude of outcomes associated with telemonitoring of four types of chronic illnesses: pulmonary
conditions, diabetes, hypertension, and cardiovascular diseases.

Methods: A comprehensive literature search was conducted on Medline and the Cochrane Library to identify
relevant articles published between 1990 and 2006. A total of 65 empirical studies were obtained (18 pulmonary
conditions, 17 diabetes, 16 cardiac diseases, 14 hypertension) mostly conducted in the United States and Europe.

Results: The magnitude and significance of the telemonitoring effects on patients” conditions (e.g., early detection
of symptoms, decrease in blood pressure, adequate medication, reduced mortality) still remain inconclusive for all
four chronic illnesses. However, the results of this study suggest that regardless of their nationality, socioeconomic
status, or age, patients comply with telemonitoring programs and the use of technologies. Importantly, the
telemonitoring effects on clinical effectiveness outcomes (e.g., decrease in the emergency visits, hospital
admissions, average hospital length of stay) are more consistent in pulmonary and cardiac studies than diabetes
and hypertension. Lastly, economic viability of telemonitoring was observed in very few studies and, in most
cases, no in-depth cost-minimization analyses were performed.

Conclusion: Home telemonitoring of chronic diseases seems to be a promising patient management approach that
produces accurate and reliable data, empowers patients, influences their attitudes and behaviors, and potentially

improves their medical conditions. Future studies need to build evidence related to its clinical effects, cost
effectiveness, impacts on services utilization, and acceptance by health care providers.
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Continued advances in science and technology and general
improvements in environmental and social conditions have
increased life expectancy around the world.! As a result, the
world’s population is aging. Over the last 50 years, the
number of people age 60 years or over has tripled, and is
expected to triple again to almost two billion by 2050.”
Population ageing is a global phenomenon affecting all
regions. Globally, the proportion of older people was 8% in
1950 and 10% in 2000, and is projected to reach 21% in 2050.°
China is the region where the increase is likely to be most
spectacular, from 6.9% in 2000 to 22.7% in 2050.%

Population ageing is profound, having major consequences
and implications for all facets of human life, including
health and health care. Indeed, as we age, the incidence and
prevalence of chronic diseases, such as cardiovascular dis-
ease, chronic obstructive pulmonary disease (COPD), and
diabetes, continue to increase.!* Chronic diseases have
become major causes of death in almost all countries. By the
end of 2005, it is estimated that 60% of all deaths will be due
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to chronic diseases.” Such prevalence of chronic diseases is
one reason why expenditures on health care are skewed: in
most health care delivery systems, 5% of patients are respon-
sible for 50% of costs.®

The economic burden of chronic diseases is profound,
accounting for 46% of the global burden of disease.” The
losses in national income for 2005 due to deaths from heart
disease, stroke, and diabetes were estimated (in interna-
tional dollars) to be $18 billion in China, $1.6 billion in the
United Kingdom, and $1.2 billion in Canada.® In the United
States, chronically ill patients account for 78% of all medical
costs nationally.® The increasing burden of chronic disease
on health care resources and costs provides a powerful
incentive to find more compelling ways to care for these
patients.

The challenge is even more complex because of the supply-
and-demand curve in health care.? Indeed, at the same time
as we face dramatic increases in the numbers of chronically
ill patients, there are global provider shortages. An acute
nursing shortage exists in many developed countries, in-
cluding the United States, United Kingdom, Australia, and
Canada, and there is no realistic prospect that this situation
will change in the near future.” ™! Furthermore, some coun-
tries have to cope with reductions in the number of persons
entering the nursing profession.”*™'* Several studies have
also suggested a substantial physician shortage, which is
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expected to develop in the coming years in various coun-
tries.">!”

Dramatic increases in the numbers of chronically ill patients
in the face of shrinking provider numbers and significant
cost pressures mean that a fundamental change is required
in the process of care. We need to identify patient manage-
ment approaches that would ensure appropriate monitoring
and treatment of patients while reducing the cost involved
in the process. Provision of care directly to the patient home
represents an alternative. It may be perceived as a substitute
for acute hospitalization, an alternative to long-term institu-
tionalization, a complementary means of maintaining indi-
viduals in their own community, and an alternative to
conventional hospital outpatient or physician visits." Infor-
mation technology can play a crucial role in providing care
to the home, and telehealth technologies have been growing
dramatically. More precisely, home telemonitoring is a way
of responding to the new needs of home care in an ageing
population. In this regard, Meystre'® recently concluded
that long-term disease monitoring of patients at home cur-
rently represents the most promising application of tele-
monitoring technology for delivering cost effective quality
care. Yet, to be able to comprehensively assess and deter-
mine the benefits of home telemonitoring, it is essential to
perform a systematic review that can critically synthesize
the results of various studies in this area and provides a
solid ground for clinical and policy decision making."’

This article provides a systematic review of experimental
and quasi-experimental studies involving home telemoni-
toring of chronic patients with pulmonary conditions, dia-
betes, hypertension, and cardiovascular diseases. Precisely,
it reveals the nature and magnitude of the outcomes or
impacts associated with telemonitoring programs across the
world.

Home Telemonitoring: A Definition

Key information technology application domains in health
care include telemedicine and home telecare. On the one
hand, telemedicine is defined as the direct provision of
clinical care, including diagnosing, treating, or consultation,
via telecommunications for a patient at a distance.”>*! It
may cover diverse patient care services such as telepsychia-
try, teleradiology, teledermatology, and teleophthalmology.
Its primary function is to provide specialist consultation to
distant communities, rather than to provide a tool for
self-management of chronic disease. On the other hand,
home telecare is a rapidly evolving domain focused on
providing care in a home setting with the primary intent of
supporting the patient rather than the health professionals.
Home telemonitoring is used in a more restrictive sense
and encompasses the use of audio, video, and other
telecommunication technologies to monitor patient status
at a distance.'®*>?® In the present study, we define home
telemonitoring as an automated process for the transmission
of data on a patient’s health status from home to the
respective health care setting. Hence, telemonitoring does
not involve the electronic transmission of data by a health
care professional at the patient’s location. Only patients or
their family members, when necessary, are responsible for
keying in and transmitting their data without the help of a
health care provider such as a nurse or a physician.
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Methodology

A comprehensive literature search was conducted on Med-
line and the Cochrane Library to identify relevant articles
published between 1990 and 2006. The keywords that were
used include telemonitoring, telecare, telemedicine, telemat-
ics, telehealth, and telehomecare. These terms were used in
conjunction with diabetes, hypertension, blood pressure, pul-
monary diseases/conditions, asthma, respiratory diseases/
conditions, cardiac diseases/conditions, and heart failure.
The references cited in the articles that were initially found
and are included in this review were also manually exam-
ined to further identify any additional relevant studies.

The inclusion criteria required that the studies: (1) have an
experimental design involving direct data collection from
patients with any of the four considered chronic diseases,
(2) be published in the English language and appear in
peer-reviewed journals, and (3) document telemonitoring
effects. Conference and poster abstracts, which do not
present detailed studies, were not considered in this review.
We also excluded general reviews, articles that focused on
multipathology groups of patients, or did not involve tele-
monitoring experiments and timely transmission of data.
Because the primary aim of this review was to provide an
assessment of the impact of home telemonitoring for pa-
tients with pulmonary conditions, heart diseases, diabetes,
or hypertension, publications that focused on other illnesses
or conditions (e.g., pregnant women, patients on dialysis,
AIDS/HIV patients) or targeted other settings than home
(e.g., prisons) were beyond the scope of this review.

General Overview

As shown in Table 1, a total of 65 studies were found in the
scientific literature (1991-2006) that examined the outcomes
of home telemonitoring programs. Most of these studies
were conducted in the United States (46%) and Europe
(38%), and more than half were reported in the past six
years. With the exception of pulmonary diseases that repre-
sent a variety of medical conditions, telemonitoring of
diabetes, hypertension, and cardiac diseases was specific to
each of these illnesses, and involved adult patients suffering
from these medical conditions. Only in few cases, subgroups
of the general population (e.g., children, veterans, pregnant
women) were considered.?*=°

Overall, a very similar number of studies investigating home
telemonitoring programs were found for each of the four
categories of chronic illnesses: Pulmonary conditions (18
studies), diabetes (17 studies), cardiac diseases (16 studies),
and hypertension (14 studies). Nevertheless, the design,
duration, and set-up of these studies varied among the four
groups (Table 2). In general, more than half of the home
telemonitoring studies found in the literature did not in-
volve randomization and did not have a control group,>'~*°
and very few (8%) were nonrandomized studies with a
control group (e.g., Paré et al.,*® Vahatalo et al.,*” Cordisco et
al.,*® Heidenreich et al.,*® Scalvini et al.’°). Unlike most
telemonitoring projects of pulmonary conditions that did
not include control groups, the majority of the diabetes
telemonitoring studies (70%) were based on randomized or
randomized cross-over designs.>**32%°1759
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Pulmonary Conditions

Diabetes Cardiac Diseases Hypertension

How many?

Total number of studies
Where?

United States

Europe

Canada

Asia —

Other areas
When?

1991-1995 1

1996-2000 6

2001-2006 11
With whom?

Pulmonary transplantation patients 7

Asthmatic patients 8

Patients with COPD 3

Adult patients with diabetes/IDDM

Young patients with diabetes/IDDM

Veterans with diabetes

Patients with diabetic foot risk

Adults with congestive heart failure

Children with pacemakers

Patients with hypertension

Pregnant women with hypertension

18 (28%)

— 0

[y

17 (26%) 16 (25%) 14 (22%)
9

6

= N o\
>—lQ.)|U‘IU‘I
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o
&1
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COPD = chronic obstructive pulmonary disease; IDDM = insulin-dependent diabetes mellitus.

Telemonitoring projects of cardiac diseases had the largest
samples of patients, which exceeded by far the size of the
experimental and control groups involved in the studies on
the three other chronic conditions, and the largest average
study durations (Table 2). Telemonitoring projects on all
four medical conditions involved transfer of patients’ symp-
toms; data on basic vital signs were also gathered for
pulmonary conditions, cardiac diseases, and hypertension.
Nevertheless, information on the medications used by pa-
tients was only collected in the case of pulmonary conditions
and diabetes.””**¢97%3 Lastly, the frequency of data trans-
mission varied depending on the study and the medical
condition in question. Yet, the majority of the telemonitoring
studies reported either a once per day or once per week
transmission of patients” data from home. Very few cases,
however, considered data transmission over longer periods
of time, such as every two or four weeks.>**>2

General Trends

As shown in Table 3, the reported effects and impacts of
telemonitoring were divided into five categories: data qual-
ity, patient clinical condition, patient attitude and behavior,
clinical effectiveness, and economic viability. First, the most
commonly assessed telemonitoring effects were at the
attitudinal and/or behavioral level (e.g., medication compli-
ance, compliance with symptoms entry and data transmis-
sion, awareness, empowerment, satisfaction). Eighty-five
percent of the studies, across the four categories of chronic
illnesses, reported such impacts.>>°>°%64=72

Second, the effects of telemonitoring on patients’” clinical
conditions also were commonly discussed among 78% of
the studies included in this review.?®3%3849,52.63,73.74 Rqp
example, 16 out of 17 studies on diabetes telemonitoring
examined clinical effects of telemonitoring (e.g., reduction
in complications, glycemic control), and 12 out of 16

projects on cardiac diseases analyzed clinical outcomes
(e.g., change in symptoms, weight, blood pressure, and
quality of life).

Third, assessment of the effects of telemonitoring on the
accuracy and quality of data transferred by patients was
addressed in a significant number of studies. Overall, more
than half of the studies (55%) in this review discussed the
quality of data before analyzing its impacts on patients and
the overall process of care.**?!*2437579 Projects involving
patients with pulmonary conditions were the most common
to examine these effects (67%), followed by diabetes and
hypertension projects (59% and 64%, respectively). Only
studies targeting cardiac patients did not investigate the
effects of home telemonitoring on the validity and reliability
of data as often (31%).

Fourth, as shown in Table 3, evidence on the clinical
effectiveness of telemonitoring and its structural effects was
reported in 49% of the studies and varied according to the
chronic disease considered. On one hand, 12 out of 16 (75%)
cardiac telemonitoring projects assessed its impacts on the
utilization of services, hospital admissions, rehospitaliza-
tions, and emergency room visits.>336424548-30.7880-83 Oy
the other hand, only 3 out of 14 hypertension studies (21%)
discussed these effects.***>®* Studies on pulmonary condi-
tions and diabetes telemonitoring ranked in the middle

with 50% and 47%, respectively, looking at structural
effects,2432,39,55,61,68

Last, assessment of the economic viability of telemonitoring
as a patient management approach was consistently limited
across all four categories of chronic illnesses. Only 17 out of
65 studies (26%) included in this review presented cost-

related data on the systems used or performed some sort of
cost analySiS 25,28,32,34,35,39,46,50,57,62,80,84 —88
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Table 2 m Overview of Research Designs
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Pulmonary Conditions Diabetes Cardiac Diseases Hypertension

Number of studies 18 17 16 14
Type of design

Randomized trial with control group 4 9 7 3

Randomized cross-over trial — 3 — —

Nonrandomized trial with control group 1 1 3 —

Nonrandomized trial without control group 13 4 6 11
Size of experimental group

Minimum 5 10 10 4

Maximum 91 197 230 362

Average 37 60 96 65

Median 32 27 94 42
Size of control group

Minimum 5 10 10 9

Maximum 88 124 196 134

Average 32 43 99 68

Median 10 25 86 61
Study duration

Minimum 2 weeks 3 months 1 month 1 week

Maximum 24 months 15 months 36 months 15 months

Average 7 months 8 months 12 months 5 months

Median 6 months 6 months 12 months 3 months
Main types of data being transferred

Spirometric data v

Basic vital signs V4 vV A4

Symptoms vV VvV VvV V

Medication vV Vv

Blood glucose vV

Insulin doses A4

Blood pressure AV vV
Frequency of data transmission

More than once a day 3 2 4 4

Once a day 7 1 8 4

A few times a week 2 2 — —

Once a week 5 6 1 5

Once every two weeks — 5 — —

Once a month — 1 1 —

Undefined 1 — 2 1

Telemonitoring Effects

Despite the variability in the number of studies discussing
the effects of telemonitoring in the five categories presented
above, there was agreement on some of the reported impacts
and disagreement on others, which builds evidence on the
effects of telemonitoring and highlights potential areas for
future research and investigation (see Table 4, available as
on online data supplement at www .jamia.org). First, among
the studies discussing the effects of telemonitoring on the
quality of data, the findings were coherent across the four
chronic illnesses. A good level of accuracy and reliability of
transmitted data was consistently reported, and the process
of data transfer was performed successfully in most cases
with minimal technical problems and errors.>*3!435875-78

Second, positive effects of telemonitoring on patient condi-
tion and the overall process of care were also highlighted
in several studies across the four categories of chronic
conditions. Although limited to small samples and short
durations, the projects involving patients with pulmonary
conditions have demonstrated the ability of telemonitoring
to identify early changes in the condition of patients, thus
supporting immediate intervention and avoiding exacerba-
tions.?®?9638¢ Gimilarly, diabetes telemonitoring studies
have confirmed a decline in hemoglobin Alc and significant
blood glucose control as a result of this approach.>>3%26>°
However, evidence related to its effect on reducing the
number of complications remains inconsistent across all four
chronic illnesses.”®?” In addition, projects involving patients

Table 3 m Frequencies of Types of Effects Observed in Home Telemonitoring Studies, n (%)

Pulmonary Conditions Diabetes Cardiac Diseases Hypertension Total
Number of studies 18 17 16 14 65
Data quality 12 (67) 10 (59) 5(31) 9 (64) 36 (55)
Patient condition 13 (72) 16 (94) 12 (75) 10 (71) 51 (78)
Patient attitudes and behaviors 16 (89) 15 (88) 13 (81) 11 (79) 55 (85)
Clinical effectiveness/ structural effects 9 (50) 8 (47) 12 (75) 3(21) 32 (49)
Economic viability 6 (33) 3(18) 4(25) 4(29) 17 (26)
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with hypertension have also demonstrated the ability of
telemonitoring to reduce systolic and diastolic blood pres-
sure,>>*"5+8% but very few have reported resulting changes
in medication regimens and quality of life. On the other
hand, clinical effects on the condition of patients suffering
from cardiac problems were not as evident. Despite the
ability of home telemonitoring to provide timely data for
health care providers on the status of patients allowing
detection of abnormalities and modification in medical
therapy,>*>*%4? the clinical effects reported in several car-
diac studies were often minimal and inconclusive. Never-
theless, evidence related to improvement in the quality
of life of patients was presented in several of these
projects, 36738081

Third, the impact of home telemonitoring on patients” atti-
tude and behavior was coherent across the four categories of
chronic illnesses examined in this review. In general, pa-
tients were very receptive of telemonitoring as a patient
management approach and showed a very positive attitude
toward it. For example, the majority of the studies on
pulmonary conditions and diabetes demonstrated a high
level of acceptance and satisfaction with the systems and
processes used.?3%°%57:6987 Ryrthermore, several studies
on cardiac and hypertensive patients showed a high level of
compliance with telemonitoring programs and data trans-
fer 353649718182 Nevyertheless, decrease in adherence with
time was observed in several instances.3®41.61.647189 T 5d-
dition to satisfaction with telemonitoring and compliance
with data transmission, patients” empowerment represents
one of the most important effects. In fact, the direct involve-
ment of patients in the care process and the associated
increase in their knowledge and awareness about the respec-
tive medical condition present important sources of empow-
erment as indicated in several projects.***>°%¢°

Fourth, with the exception of hypertension studies showing
no empirical evidence on structural effects, the majority of
the studies that assessed the clinical effectiveness of tele-
monitoring and involved patients with pulmonary and
cardiac diseases demonstrated a significant decrease in
hospital admissions, emergency department visits, and hos-
pital length of stay.3®39454849.61.6878.80 Thege findings, how-
ever, were not consistent across all telemonitoring projects
involving patients with diabetes.?*3%°

Last, evidence on the economic viability of telemonitoring as
a patient management approach was scarce across all four
categories of chronic illnesses. Among the studies examining
patients with pulmonary conditions, only one presented a
detailed and comprehensive cost minimization analysis of
the telemonitoring program in question.*® There was no
empirical evidence presented in diabetes, cardiac, and hy-
pertension telemonitoring projects that could allow firm
conclusions regarding the cost of this patient management
approach and its economic viability as compared to usual
patient care. The majority of diabetes projects did not
include any analysis or cost estimate for the respective
system or program used. In the case of hypertension, a few
studies only presented figures on the daily cost of the
system.>>®® Additionally, the few studies on cardiac patients
that conducted some sort of economic analysis involved
heterogeneous samples, and as such make generalization of
findings and evidence building more critical.>>*%%°

Discussion

By applying objective techniques for gathering and synthe-
sizing information from primary studies, a systematic re-
view can pool the vast literature concerning a specific issue,
guide future research, and ensure a solid ground for medical
decision-making and policy formulation.' Specifically, this
review aims at assembling and critically evaluating the
literature on home telemonitoring of chronic conditions and
integrating the current body of knowledge in this area.
Given the relative newness of this field, which dates back to
the early 1990s, it is important to underscore the consider-
able research (65 studies) that has been already initiated and
conducted in the area of home telemonitoring of chronic
illnesses such as diabetes, hypertension, and pulmonary and
cardiac diseases. Based on the studies found in the literature,
researchers in the United States and several countries in
Europe and other parts of the world have shown interest in
exploring the benefits, use, and potential of home telemoni-
toring as a patient management approach. Significant evi-
dence has been built that highlights major findings related to
the effects of telemonitoring on patients, their medical
conditions, and the whole process of care.

The studies examined in this review of home telemonitoring
for the four categories of chronic illnesses have provided
evidence confirming the accuracy and reliability of this
technique. In general, very few errors and technical prob-
lems were faced in the projects considered, and reliable and
accurate measures were consistently transmitted from pa-
tients” homes. This is an important indicator of the success of
home telemonitoring in ensuring the timely availability of
quality data for clinical decision-making. With the continu-
ous development in telecommunication technologies used
for telemonitoring,”® which support minimal patient inter-
vention in the collection and transfer of data, and as such
reduce bias and subjectivity, the data transferred by tele-
monitoring become as reliable as those collected through
face-to-face patient examination. Consequently, an impor-
tant question arises as to whether future studies need to
continue investigating the quality of transferred data in
telemonitoring settings. Given the technological progress
and current coherent evidence on the effect of telemonitor-
ing on the quality of data, we believe researchers should
rather focus on examining other effects of telemonitoring
that remain uncertain.

Furthermore, the studies examined in this review presented
consistent findings related to the effects of home telemoni-
toring on patients’ attitudes and behaviors. This patient
management approach appears to be very well received and
accepted by patients themselves. It allows them to actively
participate in the process of care, improves their awareness
and feeling of security, and ultimately leads to their empow-
erment. Nevertheless, despite the current evidence on the
attitudinal and behavioral effects of telemonitoring, little is
known on the conditions that would support the develop-
ment of patients” empowerment and enhance their partici-
pation in the telemonitoring process, especially with the
reported decrease in patients” compliance with time that was
noted in several studies.>8416%718% In fact, the decrease in
compliance with time is a critical issue that needs to be
addressed and further investigated, especially in the case of
chronic illnesses that require long-term follow-up and mon-
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itoring. Furthermore, future studies should examine the
behavioral effects of telemonitoring with patients of differ-
ent socioeconomic status, educational background, and age
groups to determine whether the positive impacts previ-
ously observed hold or vary across these groups. These are
essential questions that need to be addressed in order to be
able to successfully manage telemonitoring in the practice of
patient care at the population level.

Despite the scattered evidence on the positive impacts of
home telemonitoring at the clinical level, the studies in-
cluded in this review have emphasized the potential of this
approach to improve patients” medical conditions. As Utter-
back® discussed, the main goal of any successful patient
management approach is to improve patients” outcomes and
enhance the quality of life. In this case, although evidence on
the clinical effects of home telemonitoring has not been
consistent and conclusive across the four chronic illnesses,
especially in the case of pulmonary conditions and cardiac
diseases, it is important to note that studies on two of these
chronic conditions have demonstrated positive clinical ef-
fects. Hypertension and diabetes studies consistently re-
ported a significant decrease in blood pressure and glucose
level, respectively, and studies involving cardiac patients
have indicated a significant improvement in patients’ qual-
ity of life, an area that has not been elaborated for the other
three medical diseases. Given the importance of improving
the medical condition of patients and their wellbeing in any
care approach, future research should pursue the efforts to
evaluate this category of clinical effects and systematically
investigate the impacts of home telemonitoring on patients’
conditions and quality of life by examining larger samples of
patients over longer periods of time. This will strengthen the
body of knowledge in this area and further validate the use
of home telemonitoring as a patient management approach.

Evidence on the effects of home telemonitoring on the
utilization of services and its economic viability remains
limited for all four chronic illnesses. Based on this review,
there is a necessity for further development of research that
investigates the impacts of telemonitoring on the utilization
of health services (e.g., emergency room visits, clinic visits,
hospitalizations, lengths of stay). With the continuous in-
crease in health care costs and focus on quality, health care
systems face the challenge of caring for a constantly growing
number of patients at minimal cost. As a result, a shift of
patient care away from health care organizations is neces-
sary to reduce congestion in these settings (e.g., emergency
rooms, hospital beds) and to diminish costs. Home tele-
monitoring is a promising approach for achieving these
objectives. Yet, systematic evaluation of its structural effects
has not been sufficient so far to support its diffusion.
Similarly, very few detailed cost-benefit analyses of home
telemonitoring programs have been observed in the litera-
ture, preventing practitioners and policymakers from con-
firming their economic viability.

Based on this review, researchers should learn from the
current body of knowledge in the area of home telemonitor-
ing and address some of the main issues that remain
problematic. First, the majority of the studies found in the
literature were nonrandomized trials without control
groups. Future evaluation studies should consider stronger
designs, such as randomized trials, with larger samples of
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patients and over longer periods of time in order to be able
to draw firmer conclusions regarding the effects of home
telemonitoring. Specifically, studies assessing the structural
and economic impacts of home telemonitoring programs
should extend over periods of more than six months. Sec-
ond, throughout this review, we noticed variability in the
approach for investigating and reporting the effects of
telemonitoring. Yet, the utilization of validated instruments
to measure these effects was limited. Therefore, researchers
should consider in the future a more thorough and system-
atic approach for evaluating the impacts of telemonitoring
and for presenting the details of the respective projects and
results. Examples of detailed analyses found in the literature
include those by Paré et al,*® Benatar et al,** Goldberg et al,*'
and Rogers et al.3* Third, it was not clear throughout the
studies examined herein whether improvement in the clin-
ical condition of patients was a result of the process of
telemonitoring itself or of other mechanisms such as the
intensified provider consultation.”” Future studies should
assess the impact of other potential mediating variables or
conditions on the outcomes observed. Fourth, very few
observations were made in relation to the effects of tele-
monitoring on health care providers, their acceptance of this
approach, and their concerns about it, which are important
issues to consider in future studies. Fifth, a comparison
between the increase in work time spent by health care
providers, as reported in several projects,”” ™ and the time
spent by them otherwise caring for exacerbated cases and
complications that could have been minimized by telemoni-
toring is worth examining to have a clearer idea of the actual
effects of this approach on providers’ workloads. Last, it was
noted in the literature that the benefits of telemonitoring
may vary in relation to the geographic location (urban/rural
settings),>”®" stage of illness,”” and the availability of health
care specialists.”® Assessing these contingencies might also
help in drawing firm conclusions about the outcomes of
telemonitoring programs.

Conclusion

So far, despite the recent history of home telemonitoring, a
significant body of knowledge has been developed and
made available to policymakers and clinicians. Based on the
results of this review, home telemonitoring of chronic dis-
eases seems to be a promising patient management ap-
proach that produces accurate and reliable data, empowers
patients, influences their attitudes and behaviors, and po-
tentially improves their medical conditions. Nevertheless,
more studies are still required in this area to build an
in-depth body of knowledge related to its clinical effects, cost
effectiveness, impact on the utilization of health services, and
acceptance by health care providers. For insurance companies
and governments to consider future endorsement of this
patient management approach, and subsequent reimburse-
ment for the services provided, it is important to demon-
strate its feasibility at the population level. More rigorous
research on home telemonitoring would build stronger
evidence that lead to changes in the practice and manage-
ment of these chronic illnesses, to acceptance of this patient
management approach by payers and providers, and to its
future integration in the overall process of care.
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